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ㄽ ᩥ ෆ ᐜ せ ᪨          
 ➨1❶ ᗎㄽ 
 㧗㞟✚໬࣭㧗࿘Ἴ໬࡟క࠸ᑠᆺ໬ࡀ㐍ࡴ㟁Ꮚࢹࣂ࢖ࢫࡢศ㔝࡟࠾࠸࡚ࠊGHz ᖏᇦ࡛☢Ẽ-ㄏ㟁➼ࡢ」ྜᶵ⬟ᛶ
ࢆ᭷ࡍࡿࠊ᪂ࡓ࡞ⷧ⭷ᮦᩱࡢ㛤Ⓨࡀồࡵࡽࢀ࡚࠸ࡿࠋ☢Ẽ࢖ࣥࣆ࣮ࢲࣥࢫ(MI)ຠᯝࡣࠊእ㒊☢⏺(Hex )ࡢ༳ຍ࡟ࡼ
ࡗ࡚㧗࿘Ἴ࢖ࣥࣆ࣮ࢲࣥࢫࢆኚ໬ࡉࡏࡿ┦஫ኚ᥮ᶵ⬟ᛶࢆᣦࡋࠊࢭࣥࢧ⏝㏵࡛᪤࡟ᐇ⏝໬ࡉࢀ࡚࠸ࡿࠋࡇࡢ MI
ຠᯝࡣࠊHex ࡢ༳ຍ࡟ࡼࡾ㌾☢ᛶᮦᩱࡢ㧗࿘Ἴᖏᇦ࡟࠾ࡅࡿ㏱☢⋡(Ǎ )ࡀኚ໬ࡍࡿࡇ࡜࡟㉳ᅉࡍࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊ
⌧⏝ࡢⷧ⭷MIࢭࣥࢧࢆᵓᡂࡍࡿ㌾☢ᛶᮦᩱࡢ㐺ᛂ࿘Ἴᩘࡀᩘ 100 MHz࡛࠶ࡿࡓࡵࠊ౑⏝࿘Ἴᩘࡀไ㝈ࡉࢀࡿ
࡜࡜ࡶ࡟ࠊ☢⏺᳨ฟ᪉ྥࡶᑟ⥺᪉ྥ࡟ࡼࡗ࡚ไ㝈ࡉࢀࡿࠋࡲࡓࠊ␗✀ᮦᩱࢆ⤌ࡳྜࢃࡏࡿࡇ࡜࡟ࡼࡾᮇᚅࡉࢀࡿࠊ
☢Ẽ≉ᛶ࡜ㄏ㟁≉ᛶࡢ」ᶵ⬟ᛶࡶ᳨ウࡉࢀ࡚࠸࡞࠸ࠋ 
ᮏㄽᩥ࡛ࡣࠊ☢ᛶ㔠ᒓ⢏Ꮚࡀㄏ㟁⤯⦕ᛶ࣐ࢺࣜࢵࢡࢫ୰࡟ศᩓࡋࡓࢼࣀࢢࣛࢽ࣮ࣗࣛ☢ᛶ⭷࡟╔┠ࡋࡓࠋGHz
ᖏࡲ࡛኱ࡁ࡞㏱☢⋡(Ǎ )ࢆ♧ࡍඃࢀࡓ㧗࿘Ἴ㌾☢ᛶࢆ᭷ࡍࡿࢼࣀࢢࣛࢽ࣮ࣗࣛⷧ⭷ࢆ MI ⣲Ꮚ࡬㐺⏝ࡍࡿࡇ࡜࡟
ࡼࡾࠊᚑ᮶ࡼࡾࡶ㧗࠸ GHz ᖏᇦ࡛☢⏺ᛂ⟅ᛶࡀⓎ⌧ࡍࡿ࡜⪃࠼ࡓࠋᮏ◊✲࡛ࡣࠊ⭷㠃ෆ࡛☢Ẽⓗ➼᪉ᛶࢆ᭷ࡍ
ࡿCo-Al-N⣔⭷ࡢ㧗࿘Ἴ㌾☢Ẽ≉ᛶ࡟㛵ࡍࡿ◊✲ࢆᇶ࡜ࡋ࡚ࠊ౑⏝ྍ⬟࡞᪉ྥࡀ1᪉ྥ࡛࠶ࡗࡓᚑ᮶ᆺࡢMI⣲
Ꮚ࡜ࡣ␗࡞ࡿࠊ㠃ෆ඲᪉ྥ࡛౑⏝ྍ⬟࡞MI⣲Ꮚࡢᵓ㐀ࢆ⪃᱌ࡋࡓࠋࡉࡽ࡟ࠊ☢Ẽ-ㄏ㟁ࡢ୧≉ᛶࢆᚓࡿࡇ࡜࠾ࡼ
ࡧ㌾☢Ẽ≉ᛶࡢ㧗࿘Ἴ໬ࢆ┠ⓗ࡜ࡋ࡚ࠊⷧᒙ໬ࡋࡓ☢ᛶࢢࣛࢽ࣮ࣗࣛᒙ࡜ㄏ㟁⤯⦕ᒙࡢከᒙ⭷໬ࡢຠᯝࡶ᳨ウࡋ
ࡓࠋ 
ᮏ◊✲ࡣࠊCo⣔ࢼࣀࢢࣛࢽ࣮ࣗࣛ❅໬≀࠾ࡼࡧ㓟໬≀ⷧ⭷ࢆ⣔⤫ⓗ࡟◊✲ࡋࠊ⭷㠃ෆ඲᪉ྥ࡛౑⏝࡛ࡁࡿ᪂つ
MI⣲Ꮚࢆ᳨ウࡋࠊGHzᖏᇦᑐᛂࡢ᪂つ࡞㧗࿘ἼMIຠᯝࢆ♧ࡍᮦᩱࡢ๰〇ࢆ᭱⤊┠ⓗ࡜ࡍࡿ࡜࡜ࡶ࡟ࠊࡑࡢ㉳
※ࡶ᳨ウࡋࡓࠋ 
 
➨2❶ ᐇ㦂᪉ἲ 
ᮏ❶࡛ࡣࠊྛ✀ከᒙ⭷ࡢస〇ἲࠊ⭷ᵓ㐀ࠊ㧗࿘Ἴ≉ᛶࡢ ᐃ᪉ἲࢆグ㏙ࡋ࡚࠸ࡿࠋ 
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➨3❶ ࢢࣛࢽ࣮ࣗࣛ༢ᒙ⭷ࡢᵓ㐀࡜㧗࿘Ἴ㌾☢Ẽ≉ᛶ 
㠃ෆ඲᪉ྥ࡛㧗࿘Ἴ㌾☢Ẽ≉ᛶࡀⓎ⌧ࡍࡿᶵᵓࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋ࡚ࠊ␗࡞ࡿࢱ࣮ࢤࢵࢺ㸫ᇶᯈ㛫
㊥㞳(dT-S )ࢆ⣔⤫ⓗ࡟ኚ࠼ࠊ⭷ᵓ㐀ࡢ␗࡞ࡿCo-Al-Nࢼࣀࢢࣛࢽ࣮ࣗࣛ☢ᛶ⭷ࢆస〇ࡋࡓࠋdT-S ࡢ኱ࡁ࠸⭷࡛ࡣࠊ
⭷ཌ᪉ྥ࡟ Co ࢼࣀ⢏Ꮚࡀᰕ≧ࡢ㞟ྜ⤌⧊ࢆᙧᡂࡍࡿࠋ⭷㠃ෆࡢ☢໬᭤⥺࠿ࡽࠊᰕ≧⤌⧊ࡢቑຍ࡜࡜ࡶ࡟ࠊ㣬࿴
☢⏺(Hs )ࡀቑຍࡋࠊ⭷ཌ᪉ྥࡢ☢Ẽ␗᪉ᛶࡀቑຍࡍࡿࡇ࡜ࢆぢฟࡋࡓࠋࡇࡢ⤖ᯝ࠿ࡽࠊ㠃ෆ඲᪉ྥ࡛㌾☢Ẽ≉ᛶ
ࡀⓎ⌧ࡍࡿཎᅉࡣࠊ⭷㠃࡟ᆶ┤᪉ྥࡢ☢Ẽ␗᪉ᛶ࡟㉳ᅉࡍࡿࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋࡓࠋࡲࡓࠊࡇࢀࡽࡢ⭷ࡢǍࡢ࿘Ἴ
ᩘ౫Ꮡᛶ࡛ࡣࠊGHzᖏᇦ࡟㗦࠸☢Ẽඹ㬆ࡢࣆ࣮ࢡࡀほᐹࡉࢀࡓࠋࡇࡢ☢Ẽඹ㬆࿘Ἴ (ᩘfr )ࡣࠊHsࡢቑຍ࡜࡜ࡶ࡟ࠊ
0.75-2.5 GHz࡬ቑ኱ࡋࡓࠋ 
୍᪉ࠊHex ࡢ༳ຍ࡟ࡼࡗ࡚ࡶࠊ␗᪉ᛶ☢⏺᪉ྥࢆ᧯సࡍࡿࡇ࡜ࡀ࡛ࡁࡿⅬࡶ᫂ࡽ࠿࡟ࡋࡓࠋ ᐃ஺ὶ☢⏺(Hrf )
࡟ᑐࡋ࡚ࠊ㠃ෆᆶ┤࡞Hex (300 Oe)ࢆ༳ຍࡍࡿ࡜ fr ࡀ2.4-3.8 GHz࡬ቑຍࡋࠊ㠃ෆᖹ⾜࡞Hex (300 Oe)ࢆ༳ຍࡍ
ࡿ࡜ fr ࡟࠾ࡅࡿǍࡀ30࠿ࡽ3࡬ῶᑡࡍࡿࡇ࡜ࢆぢฟࡋࡓࠋࡇࡢࡼ࠺࡟ࠊ☢Ẽⓗ㠃ෆ➼᪉ᛶࢆ᭷ࡍࡿ㌾☢ᛶ⭷ࡢ
ǍࡣࠊHex ࡢ༳ຍ࡟ࡼࡾᐜ᫆࡟ኚ໬ࡍࡿࡇ࡜ࢆぢฟࡋࡓࠋ 
➨4❶ ☢ᛶ-ㄏ㟁ከᒙ໬࡟ࡼࡿ㧗࿘Ἴ㌾☢Ẽ≉ᛶࡢྥ  ୖ
MI ⣲Ꮚࡢ」ᶵ⬟໬ࢆ┠ⓗ࡜ࡋ࡚ࠊⷧᒙ໬ࡋࡓ
㌾☢ᛶⷧ⭷࡜⤯⦕ᒙ࠿ࡽ࡞ࡿከᒙ⭷ࢆస〇ࡋࠊ
3-10 Hzᖏࡢ㧗࿘Ἴ㌾☢Ẽ≉ᛶࢆ᳨ウࡋࡓࠋ☢ᛶ
ᒙ࡜ࡋ࡚ࠊCo-Al-N࡜ྠᵝ࡟ࢼࣀࢢࣛࢽ࣮ࣗࣛ⤌
⧊ࢆᙧᡂࡍࡿCo-Ti-Oࢆࠊㄏ㟁⤯⦕ᒙ࡜ࡋ࡚AlN
ࡼࡾࡶㄏ㟁⋡ࡢ኱ࡁ࠸Bi-Ti-Oࢆ㑅ᢥࡋࠊᅗ1࡟
♧ࡍࡼ࠺࡟ࠊn = (a)1, (b)9 ࠾ࡼࡧ(c)65 ᒙࡢ
(Bi-Ti-O){(Co-Ti-O)n/(Bi-Ti-O)n-1}(Bi-Ti-O)ከᒙ⭷
(඲⭷ཌ1.4- ǍPࢆస〇ࡋࡓࠋ඲⭷ཌࡀ࡯ࡰ୍
ᐃ࡛࠶ࡿࡓࡵࠊᒙᩘࡢቑຍ࡜࡜ࡶ࡟Co-Ti-O☢ᛶ
ᒙ࠾ࡼࡧBi-Ti-Oㄏ㟁⤯⦕ᒙ୍ᒙࡢཌࡳࡣ࡜ࡶ࡟
ῶᑡࡋࡓࠋCo-Ti-Oᒙ࡟ࡣࠊ⭷ཌ᪉ྥࡢ☢Ẽ␗᪉
ᛶ࡟ᐤ୚ࡍࡿᰕ≧ࡢ Co⢏Ꮚࡢ㞟ྜ⤌⧊ࡀほᐹࡉ
ࢀࡿࠋᅗ2࡟(a)1, (b)9࠾ࡼࡧ(c)65ᒙࡢከᒙ⭷ࡢ
☢໬᭤⥺ࢆ♧ࡍࠋከᒙ⭷࡛ࡣᒙᩘࡢቑຍ࡜࡜ࡶ࡟
ᰕ≧⤌⧊ࡀศ᩿ࡉࢀࡿࡓࡵࠊᆶ┤☢Ẽ␗᪉ᛶ(Hs )
ࡀῶᑡࡋࠊ㠃ෆ☢Ẽ␗᪉ᛶࡀቑຍࡋࠊ㠃ෆ㌾☢ᛶ
⭷࡜࡞ࡿࠋከᒙ⭷ࡢǍࡢ࿘Ἴᩘ౫Ꮡᛶࡣ2-5 GHz
࡛☢Ẽඹ㬆ࡢ㗦࠸ࣆ࣮ࢡࢆ♧ࡋࠊࡇࡢ fr ࡣᒙᩘࡢ
ቑຍ࡜࡜ࡶ࡟ቑຍࡋࡓࠋከᒙ໬࡟ࡼࡾࠊǍࡢ fr ࡢ
㧗࿘Ἴ໬ࡀྍ⬟࡛࠶ࡿ࡜ྠ᫬࡟ࠊMI ⣲Ꮚ࡬ࡢྍ
ᅗ 1 (Co-Ti-O)/(Bi-Ti-O)ከ
ᒙ⭷ࡢ᩿㠃ほᐹീࠋ 
ᅗ 2(a)1, (b)9 ࠾ࡼࡧ(c)65 ᒙࡢ
(Co-Ti-O)/(Bi-Ti-O)ከᒙ⭷ࡢ☢
໬᭤⥺ࠋ 
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⬟ᛶࢆᐇ㦂ⓗ࡟♧ࡋࡓࠋ 
➨5❶ ㌾☢ᛶከᒙᵓ㐀ࢆᤄධࡋࡓ⣲Ꮚࡢ๰〇࡜㧗࿘Ἴ MI≉ᛶࡢホ౯ 
4❶࡛ᚓࡽࢀࡓ(Co-Ti-O)/(Bi-Ti-O)ከᒙ⭷࡜ࠊẚ㍑ࡢࡓࡵ࡟స〇ࡋ
ࡓ 9ᒙࡢCo/(Bi-Ti-O)ከᒙ⭷ࢆࠊᮏㄽᩥ࡛ᥦ᱌ࡋࡓ㧗࿘ἼMI⣲Ꮚ
࡟㐺⏝ࡋࠊ⭷㠃ෆࡢ඲᪉ྥ࡛ࡢ࢔ࢻ࣑ࢵࢱࣥࢫ(Y )ࡢ࿘Ἴᩘ౫Ꮡᛶ
࠾ࡼࡧ㧗࿘ἼMIຠᯝࢆㄪ࡭ࡓࠋ 
(Co-Ti-O)ࢆ 9 ᒙᑟධࡋࡓ(Co-Ti-O)/(Bi-Ti-O)ከᒙ⭷ࡢࠊHex୰࡟
࠾ࡅࡿǍࡢ(a)ᐇ㒊, (b)⹫㒊ࠊ࠾ࡼࡧMI⣲Ꮚࡢ(c)ࢥࣥࢲࢡࢱࣥࢫ(G ), 
(d)ࢧࢭࣉࢱࣥࢫ(B )ࡢ࿘Ἴᩘ౫Ꮡᛶࢆᅗ 3 ࡟♧ࡍࠋ␗࡞ࡿᒙᩘࡢ
(Co-Ti-O)/(Bi-Ti-O)ከᒙ⭷ࡢࠊǍ࠾ࡼࡧ Y ࡢ࿘Ἴᩘ౫Ꮡᛶ࠿ࡽࠊ㟁
ὶᦆኻ࡟㉳ᅉࡍࡿYࡢᐇ㒊ࡢG ࡣࠊCo-Ti-Oᒙᩘࡢቑຍ࡜࡜ࡶ࡟ቑ
ຍࡋࡓࠋYࡢ࿘Ἴᩘ౫ᏑᛶࡣࠊGHzᖏ࡟ࢫࢸࢵࣉ≧ࡢ Yࡢῶᑡࡀ
ほᐹࡉࢀࠊࡑࡢ࿘Ἴᩘࡣࠊ㌾☢ᛶከᒙ⭷ࡢ fr ࡜୍⮴ࡋࡓࠋࡇࡢ⤖ᯝ
࠿ࡽࠊGHz ᖏࡢ☢Ẽඹ㬆ࢆ௓ࡋࡓ☢Ẽ-㟁Ẽຠᯝࡀ⏕ࡌࡓྍ⬟ᛶࡀ
♧၀ࡉࢀࡓࠋ 
ࡶࡗ࡜ࡶ኱ࡁ࡞☢Ẽඹ㬆ࡢࣆ࣮ࢡࢆ♧ࡋࡓ 9ᒙࡢCo/(Bi-Ti-O)࠾
ࡼࡧ 9ᒙࡢ(Co-Ti-O)/(Bi-Ti-O)ከᒙ⭷ࢆ⏝࠸ࡓMI⣲Ꮚࡢ࢔ࢻ࣑ࢵ
ࢱࣥࢫࡣࠊfr ௜㏆㸦2.5࠾ࡼࡧ3.7 GHz㸧࡛ ࠊ኱ࡁ࡞MIຠᯝ(Ʀ%/B 
= 35࠾ࡼࡧ12%)ࢆ♧ࡍࡇ࡜ࢆぢฟࡋࡓ(ᅗ4)ࠋࡇࡢMIຠᯝࡣࠊHrf 
࡟ᑐࡋ࡚㠃ෆᖹ⾜࡞Hex ࢆ༳ຍࡋࡓሙྜࡢࠊfr ࡟࠾ࡅࡿǍࡢኚ໬⋡
࡜ྠࡌഴྥࢆ♧ࡋࡓࠋ 
➨6❶ ⥲ᣓ 
ᮏㄽᩥ࡛ࡣࠊࡲࡎࠊከᒙ໬ࡋࡓ Co⣔ࢼࣀࢢࣛࢽ࣮ࣗࣛ❅໬≀࠾
ࡼࡧ㓟໬≀㌾☢ᛶ⭷ࢆ rfࢫࣃࢵࢱἲ࡛స〇ࡋࠊࡑࡢ⭷ᵓ㐀࡜☢Ẽ␗
᪉ᛶࡢ㛵ಀࢆ᫂ࡽ࠿࡟ࡍࡿ࡜࡜
ࡶ࡟ࠊ㠃ෆ࡟☢Ẽⓗ➼᪉࡞⭷ࡢ
㧗࿘Ἴ㌾☢Ẽ≉ᛶࡢⓎ⌧ᶵᵓࢆ
⪃ᐹࡋࡓࠋḟ࡟ࠊⷧᒙ໬ࡋࡓࢼ
ࣀࢢࣛࢽ࣮ࣗࣛ☢ᛶᒙ࡜ㄏ㟁⤯
⦕ᒙࡢከᒙ⭷ࢆస〇ࡋࠊfrࡢ㧗
࿘Ἴ໬(2-5 GHzᖏ)ࢆᅗࡾࠊᚑ
᮶ࡢ MI ຠᯝࡼࡾࡶ㧗࠸ GHz
ᖏᇦ࡟࠾࠸࡚㠃ෆ඲᪉ྥ࡛᭷ຠ
ᅗ 3  9 ᒙ ࡢ (Co-Ti-O) ᒙ ࢆ ᤄ ධ ࡋ ࡓ
(Co-Ti-O)/(Bi-Ti-O)ከᒙ⭷ࡢǍ-f≉ᛶࠊ࠾ࡼࡧY-f ≉
ᛶ: (c)ᐇ㒊ࡢࢥࣥࢲࢡࢱࣥࢫ(d)⹫㒊ࡢࢧࢭࣉࢱࣥ
ࢫࡢእ㒊☢⏺(Hex )౫Ꮡᛶࠋ 
ᅗ4 9ᒙࡢCo/(Bi-Ti-O)࠾ࡼࡧ(Co-Ti-O)/(Bi-Ti-O)ከᒙ⭷ࡢfr࡟࠾ࡅࡿ(a)ǼǍµ/Ǎµ ࠾ࡼ
ࡧ(b)ǼB /BࡢHex ౫Ꮡᛶࠋ 
(a) (b)
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࡞ࠊ᪂つ࡞㧗࿘ἼMIຠᯝࢆぢฟࡋࡓࠋࡲࡓࠊࡇࡢຠᯝࡢ㉳※ࡀ㌾☢ᛶከᒙ⭷ࡢ☢Ẽඹ㬆࡟⏤᮶ࡍࡿࡇ࡜ࢆ᫂ࡽ
࠿࡟ࡋࡓࠋ 
௨ୖࡢࡼ࠺࡟ࠊ㌾☢ᛶ⭷ࡢ☢Ẽඹ㬆ࢆ௓ࡋࡓ᪂つ࡞MIຠᯝࡢᏑᅾࢆᐇド࡛ࡁࡓࡇ࡜ࡣࠊ㧗࿘Ἴ☢Ẽࢹࣂ࢖ࢫ
ศ㔝ࡢ᪂ࡋ࠸Ⓨᒎ࡟ࡘ࡞ࡀࡿᴟࡵ࡚᭷┈࡞▱ぢ࡛࠶ࡿࠋࡇࢀࡽࡢ⣲Ꮚࡢ MI ຠᯝࡣࠊᚑ᮶ࡢ⣲Ꮚࡼࡾ㧗࠸ GHz
ᖏᇦ࡛⌧ࢀࡿ࡜࡜ࡶ࡟ࠊ࠿ࡘ㌾☢ᛶከᒙ⭷ࡢ☢Ẽඹ㬆࿘Ἴᩘ࡜Yࡢ኱ࡁ࡞ኚ໬ࡀᑐᛂࡍࡿࠋࡇࡢࡇ࡜࠿ࡽ⣲Ꮚࡢ
MI ຠᯝࡢ⌧ࢀࡿ࿘Ἴᩘᖏࡢศᩓࢆᑠࡉࡃࡋࠊ㧗࿘Ἴᖏᇦ࡛ࡢ☢⏺ᛂ⟅ឤᗘࢆྥୖࡉࡏࡿࡇ࡜࡛ࠊGHz ᖏᇦ࡛
MI ຠᯝࡢᗈ࠸࿘Ἴᩘ㑅ᢥᛶ࡜㧗࠸☢⏺ᛂ⟅ᛶࡀᐇ⌧࡛ࡁࡿࡇ࡜࡜࡞ࡾࠊಙྕ㑅ᢥᛶࡢ㧗࠸ࢳ࣮ࣗࢼࣈࣝ࡞᪂つ
㟁Ꮚࢹࣂ࢖ࢫࡢฟ⌧ࡀᮇᚅࡉࢀࡿࠋ 
 
? 540 ?
? 541 ?
